We show that in deeply supercooled liquids, structural relaxation proceeds via the accumulation of Eshelby events, i.e. local rearrangements that create long-ranged and anisotropic stresses in the surrounding medium. Such events must be characterized using tensorial observables and we construct an analytical framework to probe their correlations using local stress data. By analyzing numerical simulations, we thus demonstrate that events are power-law correlated in space, with a time-dependent amplitude which peaks at the alpha relaxation time. This effect, which becomes stronger near the glass transition, results from the increasingly important role of local stress fluctuations in facilitating relaxation events. Our work thus precludes the existence of any lengthscale beyond which the relaxation process decorrelates and shows that instead relaxation arises from the scale-free accumulation of events with a tensorial signature.
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